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Introduction to Epidemiology 


I- Definition of Epidemiology: "upon people" 

It's the study of the frequency, distribution & determinants of diseases and 
health -related states or events in specific population, and the application of 
this study to the prevention and control if diseases and other health problems. 

- Major purpose of epidemiology -> obtain, interpret & use health information to 
promote health and to eliminate or reduce health problems. 


Study 

How? 

=> Through: 

observation 
surveillance 
hypothesis-testing 
research projects 
analysis of 
epidemiologic data 


Distribution 

^ -j 

* Time: ^ eh*-* ^ 

1 i.Ll'A_q ;. . -i 'i 1 

* Place: rural/urban 

* Persons: males/females 
= Descriptive epidemiology 


Determinants 


biological, 
chemical, physical, 
social or behavioral 
factors. 

= Analytic epidemiology 


II- Uses of Epidemiology: 

1. In Health-care management: 

a- assessment of community health needs (community diagnosis) to set policy & 
plan health programs and to determine whether health services are available, 
accessible, effective and efficient. 

Through answering the following questions: 

1. What are potential health problems? 

2. Where are they? 

3. Who is at risk? 

4. Which ones are declining? 

5. Which ones are increasing? 

b- Planning, implementation & evaluation of services and setting priorities, 
c- Developing health policies. 


answered by methods of 
descriptive and analytic 
epidemiology 
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2. In understanding the disease process: 

a- searching for causes or risk factors of diseases, 
b- study natural history (&prognosis) of diseases. 

c- historic study of rise & fall to determine factors utilized in prevention or causing re- 
emergence of disease, 
d- establish a clinical diagnosis of disease. 

3. In public health practice: 

a- investigations of epidemics, 
b- surveillance of diseases, 
c- making projects. 

d- assessing programs used for mass screening of diseases, 
e- assisting in formulating medical teaching curricula. 

4. In clinical and preventive practice: 

a- assessing effectiveness of preventive and treatment modalities. 

b- helps in defining and classifying diseases. 

c- studying prognostic factors. 

d- studying effectiveness of diagnostic modalities. 

e- assessing in clinical decision making. 

f- basic science for planning, conducting, & analyzing clinical research. 


Ill- Sources of Epidemiology: 


Source 

Importance 

1. Population statistics 
a) population census 

For planning of social and health services 
"census is enumeration at specific point of time of individuals 
comprising population within the area regarding: age - sex - 
economic date" 

used as denominator for: 

1. morbidity rates 2. moratlity rates 

3. fertility rates 

AAC. (J-GJLJ djL^.Lxll l--bA.”d Ld 

A ^ \x A*\]| (jlUl A.1C. ^Ac. 

b) population estimates 

(J-ojljj Lo ciia j censusJ' j diL® Ld - 

m 1 $ 'ic.L uj q\£uJ\ c jLui^. ^lua 

2. Vital records 

a) Birth registration 

b) Death registration 

For legal, demographic and epidemiologic purposes. 

- They provide the denominator for: & numerator for: 

1- Infant mortality & 1- fertility rates 

morbidity rates aac Jic aJI>oJI aac LoJ 

2- Maternal morbidity & fertility rate = , r KJI oLLJI 

mortality rates 

- Basic documentation for: 1- determining the number of deaths. 



PI 

2- calculating mortality rates & ratios. 

3- determining causes of deaths. 
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Source 

Sterngths 

Weaknesses 

3. Notification of 

infectious diseases: 

a) International 

b) National reporting 

1- Forward incidence data. 

2- Indicate fluctuation of 

occurrence of diseases. 

3- Predict occurrence of 
epidemics. 

4- Allow tracing source of 
infections. 

5- provide data to control. 

1- The number of cases reported is 
much lower than reality. 

2- Not all health problems are 
notifiable. 

,jjo ojLz>J cNL> ^ 

3 .xc ^Iuj 3 1 

.I^Jbuuuul jJLII (^o jjS 1 , 

4. Disease registers 

e.g. TB - Cancer - 
DM - IHD - Mental 

disorders 

1- good source for accurate 
information on: 

incidence-prevalence 

rates 

duration of diseases 
cure, mortality & 
disability rates 

2- To study environmental 
hazards 

1- Expensive 

2- Need active research program 

3- Not all diseases are registered. 

5. Hospital records 

1- correct diagnosis 

2- To study serious and 
severe conditions 

3- To study hospital acquired 
diseases 

1- Information may not be complete 

2- not representative of the population 

3- usually deal with severe conditions 

6. Special 
subgroup records 

Diagnosis is correct 

Not representative to the population 

7. Morbidity surveys 



8. Record linkage 

qLo^J-SZjO Ll5> 

uLuUlC jJu^LO 0 1 jJjO 

gjjlilJ JjjJlLjUU gll Oi 
MjlO j^C^JUxLI jjoJI 

1- Provide full course of 

illness of the individual 

2- provide information on: 
a- natural history of specific 
diseases/morbidity 

b- Family/genetic disorders 
c- chronic history of specific 
disease or morbidity 
d- use of health services 




U 
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Measures of disease frequency 

“Morbidity & Mortality rates” 


Tools of measurement: 

-> Counting the number of cases. 

-> Ratio: - "numerator isn't included in denominator" 
b 

-> Proportion: - % "numerator is included in denominator" 

-> Rate: ^ "at a given period of time" (Rate is like time but at a given time) 


Utilities of counting 

Limitations of counting 

Uses of ratios, proportions & rates 

1. Readily available data 

2. To monitor occurrence 
of important infectious 
diseases 

3. For administrative 

purposes: 

a- indicate load of 

illness 

b- to allocate 

resources 

Can't be used to compare 
disease load. 

3 1@jl9 djj Jkji.Ss.jjJ 1 ol9 jd 1 ^jjLg-jQj 

1@jl9 OLqJ l _9 0^1^ 

^jxxj^ jyujujifljo LI oaS* 3 5 ^jj 

3 djj3 jLSouJ 1 

6^3 a jS 100 Ja^I qa 

G 3 SL oa5L9 3 jB 1000 Jju^I yjD 

:3 yiS"! djjAJi^juul jjjxHo jjoJ 1 

1. Describe morbidity, mortality and 
fertility. 

2. Characterize population by age, sex, 
ethnic background. 


Morbidity measures 



Incidence rate 

Prevalence rate 

Formula 

#New cases 

#Current cases (old & new) 

, , xlO x in a given time frame 

#people @ risk 

* we usually use census 'population counts 

xlO x 

# total n. of people 

* It depends on: 

1. Incidence rate 

2. duration of disease 

Factors 
affecting it 

1. tt people at risk -> ft incidence rate 

2. changes of the etiological factor 
-> ft incidence rate 

3. quality of preventive program 
-> tt quality -> || incidence rate 

4. improvement of diagnostic tools 
-> tt incidence rate "apparently" 

Increased by 

Decreased by 

1. tt new cases 

2. longer duration 
of disease 

3. prolongation of 
life without cure 
“tfcare” 

4. In-migration of 
cases 

“ttnumerator” 

5. out-migration of 
healthy people 
“It denominator” 

6. improvement of 
diagnostic 
methods 

1 . U new cases 

2. shorter duration 
of disease 

3. tt case-fatality 
rate 

“tt mortality" 

4. In-migration of 
healthy people 
“ttdenominator” 

5. out-migration of 
cases 

“ttnumerator” 

6. improvement of 
cure rate of cases 
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Utilities 

1. planning of health services 

2. Indicator for evaluation of 
preventive programs 

3. To measure absolute risk from total 
sample 

4. used to calculate: 

relative risk 

attributable risk 
attributable risk percent 
"Cohort study" 

1. planning of health services 


* Attack rate: special form of Incidence rate applied to a narrowly defined population. 






l qa A \\x a Aj3” 


outbreak in a school 
puerperal sepsis 

people attended a party & developed gastroenteritis 

#new cases 

- - Formula: ---- xlO n "for a limited time" 

people @risk 


* Secondary Attack rate: a measure of frequency of new cases among contacts of the patient 

#secondary cases among contacts 

- Formula: -xlO n 

total #contacts 


- Utilities: to measure ease to communicability of diseases 


Note: when you measure the total number of people at risk or the total number of contacts, you 
should exclude the immune persons who were vaccinated or previously ill. 


* Point prevalence rate: a snapshot look at the population "at a particular time" 

* Period prevalence rate: a look at the population over a longer period "at a range of time" 


#recoveries 

* Recovery rate: ---xlO n 

total #patients 
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Mortality measures 


Mortality rate = Crude death rate: 


#deaths 


#midyear population 


x!0 n "at a particular time' 


Age-specific death rate: 

#deaths under lyr 

1. Infant mortality rate:-—— u . -xlOOO => Indicates social & health conditions of the country 


2. Neonatal mortality rate: 


#live births 
#deaths under 28 days 
#live births 


1000 


=> Indicates maternity care 


3. Post-neonatal mortality rate: 


#deaths 28 days to under lyr 
#live births 


xlOOO 


„ #deaths of a specific sex 

Sex-specific death rate: -xlO n "at a particular time" 

#population of the same sex 


* Maternal mortality rate: 


#deaths due to pregnancy,delivery,pueperum & associated conditions 

#live births 


X 


100.000 


"at a particular time" 
=> Indicates status of maternal health & services 


* Cause-specific death rate: 


#deaths due to specific cause 

-xl0 n "at a particular time" 

#midyear population 


* Proportionate mortality rate: 


#deaths due to specific cause 

- —-— ---xlOO "at a particular time" 

#deaths due to all causes 


* Case-fatality rate: 


#deaths due to specific cause "disease" 

-xlOO "at a particular time" 

#patients having same disease 

=> measures pathogenicity & virulence of the cause of the disease 
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Descriptive Epidemiology 


According to definition of epidemiology: 

"The study of distribution (=descriptive epidemiology) and determinants (=analytic 
epidemiology) of health related status.... 

Descriptive epidemiology is concerned with: Person-Place-Time triads which 
describe health related phenomena. 

Each item will be discussed in different dimensions to get a precise description of 
the state. So what are the uses of descriptive epidemiology? 

1. It helps in formation of etiological hypothesis. 

2. It provides data for planning & evaluation of preventive and curative services. 


I- Person Distribution: 

1. Age: interpretation of age distribution of disease is explained according to: 
a- stage of development: 

congenital anomalies can only result from intra-uterine exposure to dangerous 
influences. 

children lack immunity to infections than adults. 

sexually-transmitted diseases are more common among sexually active 

adolescents & young adults. 

fractures in old people due to osteoporosis. 

b- degree of exposure, susceptibility & duration of immunity: 
chicken pox is a disease of childhood. 

c- hormonal changes: 

Breast cancer shows two peaks: -> 40-49 years due to ovarian dysfunction 

after 65 years due to adrenal estrogen imbalance 

d- cumulative effects: 

Chronic diseases e.g. atherosclerosis tend to increase with age. 

Importance of studying age distribution: 

1. Severity of diseases: 

pneumococcal infections are more severe in children & elderly, 
osteoporosis -> severe in elderly & bone cancer -> severe in young. 

2. Clinical type of disease: 

cretinism -> children - myxedema -> adults 

3. Bimodality: if the disease has 2 peaks in different ages, this suggests 2 mechanisms of 
the disease. 
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2. Sex: 


Some diseases occur more frequently in males as: 

lung cancer - coronary heart disease 
Some diseases occur more frequently in females as: 

Diabetes - obesity - hyperthyroidism 
Differences in sex-related diseases are due to: 

a- Anatomical differences: 

- Prostate cancer A males ... Uterus cancer A females 
b- Sex-linked genetic inheritance: 

- Hemophilia "non-dominant X-linked disease" 
c- Hormonal factors: 

- Coronary heart disease A common in young men & pot-menopausal females 
d- Differences in habits & behavior: 

- smoking in men A chronic bronchitis 
e- Variations in infectious diseases: 

- Tetanus A common in men 


3. Marital status: married people have lower mortality rates than singles, due to: 

people with dangerous life tend to be single 
people with diseases tend to remain single 
A Suicide & mental illness are more common in singles 
A Breast cancer is more common in singles 
A Cervix cancer more common in those who marry young 
• Couples usually develop same diseases as they have similar dietetic, psychological, social and 
environmental influences. 

4. Occupation: It is an important epidemiological factor because: 

1. It's associated with social class 

2. Exposure to certain working conditions/risks A diseases 

3. It may alter the general pattern of life 

5. Socio-economic status: It is measured by: 

1. Educational level 3. Income 5. Housing condition 

2. Occupation 4. Residence 


* Diseases which are more common in low 
socio-economic classes: 

1. TB 

2. Rheumatic heart disease 

3. chronic bronchitis 

4. malnutrition 

5. Infant, maternal & preschool mortalities 


* Diseases which are more common in high 
socio-economic classes: 

1. Obesity 

2. Gout 

3. Coronary heart disease 

4. atherosclerosis 
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6. Behavior: smoking - eating habits - sedentary life - drug abuse ... 


7. Religion: 

1. Alcoholic liver cirrhosis & Taenia solium don't appear in Muslims 

2. Cervix cancer is less in Muslims and Jewish due to personal hygiene - male circumcision 

8. Racial/Ethnic factors: 



1. t t Hypertension frequency in black 

2. H TB in European Jews 


2. Social & environmental influences 


II- Place Distribution: 

General characteristics peculiar to place: 

1. all ethnic groups in one area have the same frequency of the disease 

2. same ethnic groups outside the area don't show high frequency of the disease 

3. healthy persons entering the area become ill 

4. inhabitants leaving the area don't show disease 

Variations in place distribution of disease: 

1. International variations: 

Breast cancer rates are highest in western countries & lowest in Japan 

2. National variations: 

Endemic goiter "due to iodine deficiency" is more frequent in deserts 

3. Rural/Urban variations: 

Chronic bronchitis, accidents, lung cancer, cardiovascular diseases, mental illness & drug 
dependence more common in urban areas 

Zoonotic diseases , bilharziasis more common in rural areas 

Fertility, death rates high in rural areas 

4. Local variations: 

TB, scabies, rheumatic fever more common in slummy areas 


III- Time Distribution: 


Short term fluctuations 



epidemics Point-source 


Propagated 


Periodic fluctuations Daily 

Weekly 

Seasonal 

Yearly 


Long term (secular) trends 
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1. Short-term fluctuations "Epidemics": 

Epidemic: The occurrence of cases of illness in a community or region, in excess of normal 
expectancy . 

Types of epidemics: 

a- Point-source epidemics: 

1. Simultaneous exposure to the disease agent 

2. Resultant cases are explosive in number 

3. all cases develop in short period of time 
" one incubation period " 

4. Epidemic curve rises & falls rapidly "no 
secondary waves" 

as: Cholera 

2. Periodic fluctuations = cyclic trends: 

a- Daily variations: 

Hay fever " allergic condition diurnal rhythm, due to: Housekeeping activities "sweeping" 

& going to field 

b- Weekly variations: 

Car accidents weekends, due to: Reckless driving - alcohol - drug consumotion during 
weekends. 

c- Seasonal variations: 

- Upper respiratory infections winter 

- GIT infections summer 

d- Yearly variations: 

Measles in pre-vaccination era appeared in cycles every 2-3 years 

3. Long-term fluctuations = secular trends: 

* Several years or decades are needed to see changes in occurrence of disease "increase/decrease" 

• Coronary heart disease - lung cancer - diabetes have upward trend during the past 50 yrs 

• Puerperal sepsis - diphtheria - polio have downward trend 


b- Propagated epidemics: 

1. Infections are propagated by passage from 
person to person. 

2. Cases occur over a longer period of time 
" more than one incubation period " 

3. Epidemic curve rises & falls gradually 

as: Measles 
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Epidemiological study designs 



"no need for control "Presence of 

or comparison groups ” comparison groups 


"Presence of 
comparison groups 


Population-based 

1- Correlation study 
“ ecological study” 


1- Case control study 

2- Cohort’s study 


- Clinical trial 

- Community trial 


Individual-based 

- Case repot 

- Series repot 

- Cross-sectional 


I- Observational Studies: 

a- Descriptive studies: 

They are important for: 

1- Providing information on the frequency of health states and their known and possible 
causes. 

2- Guiding planning of health promotion and disease prevention activities. 

3- Providing important clues as to the causes of different health states. 

4- Providing a base for analytic/experimental studies. 

a.l. Correlation "ecological" study: 

It occurs at the level of an entire population measuring the association between 2 
quantitative variables. 

Examples: 

Correlation between cigarette's sales and mortality from lung cancer. "Positive 
correlation" as both variables are increasing or decreasing together. 

Correlation between percentage of decline in mortality from cervix cancer and 
percentage increase in number of women screened for cervical cancer. "Negative 
correlation" one variable is increasing while the other is decreasing. 
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Correlation coefficient (r): -> It is a value that lies between -1 and +1, so; 
-1 means: strong negative correlation "relationship" 

+1 means: strong positive correlation "relationship" 

0 means: no correlation "relationship" 


Advantages of correlation studies: 

1. Easy, quick, cheap 

2. Use information already available 

3. useful in formulating hypothesis 


Disadvantages of correlation studies: 

1. Inability to link a particular exposure 
"risk factor" to a particular 
individual 

"because it is made at the level of 
population" 

2. Inability to control for confounding 
factors. 


Confounding factor: a factor that affects both Exposure and Disease, so distorting the 
relationship between them & confound (confuse) the results. 

e.g. if we study the association between smoking & lung cancer, the different ages of 
people of people at the study will confuse the results, "as lung cancer increases with age" 
hence age is called a confounding factor. 


a.2. case report and case series: 

case report describes a new unusual phenomenon in one case 

case series describes a new unusual phenomenon collected from individual case reports, 
"more than one individual with the same phenomenon" 


Advantages: 

Disadvantages: 

1. Easy, cheap 

1. Based on the experience of a single 

2. Useful in formulating hypothesis 

individual, it might be a coincidence 

3. Individuals in case series may serve 

-► 2. problem of finding a suitable 

as cases in a case control study "see 

comparison group "see later" 

later" 



a.3. Cross-sectional study "prevalence study": 


Exposure (E) and Disease (D) states are assessed simultaneously among individuals in a 
well-defined population. 


There will be 4 possibilities: 


^^^^Disease 

Exposure^^^ 

+ve 

-ve 

Yes 

a 

b 

No 

c 

d 

Total 

a + c 

b + d 



a: have the disease & exposure "risk factor" 
b: don't have the disease but have the exposure 
c: have the disease but don't have the exposure 
d: don't have the disease and the exposure 
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From the previous data, you can measure: 

Prevalence rate of the disease among the exposed individuals:-^— xl 00 

C 

Prevalence rate of the disease among non-exposed individuals: —— xlOO 

Cl + C 

Prevalence rate of the disease in this population: -xlOO 

c +d 


Advantages of cross-sectional study: 

1. Easy, quick, cheap 

2. Directs case finding -> >4t <-«LSj£i gLu 

3. Generates hypothesis 

4. Estimates prevalence rate in relation to 
exposure 

5. shows case load -> as it measures 
prevalence rate 

6. Reveals distribution if health and disease 
states 

7. provides information for planning and 
evaluation of health services 


Disadvantages of cross-sectional study: 

1. Not useful in rare diseases -> aifv 

2. Not useful in acute diseases -oV 

3. Deals only with survivors (survival bias) 

(jjSL: jl 4 _i3vIjA (jl-a (jLutil cili] LoJ 

4. Fails to demonstrate the temporal 
relationship -> JjVt gill 

?exposureJ' Vj diseased 


The flow chart of cross-sectional study 



b. Analytic Observational studies: 
b.l. case-control study: 

It's an observational (non-intervention) analytic study in which individuals are selected 
on the basis of having the disease "cases" or not having the disease "controls" and then 
compared in relation to the presence or absence of a particular exposure (risk factor). 

exposure ^ (j a <LajLji l&JUC. (jJJC. (jjj (jjlij hi ggjxJ - 

<vG_a^al jl w'-l \A 

Steps of case-control study: 

1. Selection of cases: 

a- set selection criteria 

b- gather cases from sources (hospitals - general population) 

* we find selection bias in hospitals as it reflects the characteristics of a group of 
patients attending a specific facility. 
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2. Selection of controls: 

a- set selection criteria 

b- gather individuals from sources (hospitals - general population - neighbors - friends ...) 
c- Matching: 

we select the controls in way they are similar to the cases regarding certain 
confounding factors "that influence outcome of the disease" 

factor jh* hi 

d- Size of the controls: 

one control for each one case 

may be more than one (2-3) for each one case and this increases the precision of 
the study 

4 controls increase the cost with little precision 

3. Determine the exposure under study using the same methodology for both 
cases and controls: 

a- review of records 4k.^_>»!! ch/U. <—jl l-iii* 

h- Interview j 1 ^ j^ xtc. y a u sATULa 

4. Analysis and interpretation of results: 

a- Tabulation of data 


^^^^Disease 

Exposure^^ 

+ve 

-ve 

Yes 

a 

b 

No 

c 

d 

Total 

a + c 

b + d 


b- calculation of exposure rates among cases and controls: 

denominatorJ ^ ajfe among ^ * 

Exposure rate among cases = —xlOO 
Exposure rate among controls = xlOO 


c- Estimation of the disease risk associated with exposure "odds ratio" 

OR 

* Measure of the strength of association between the risk factor and disease. 

_ . axd 

odds ratio =- 

b x c 

if it's > 1 -> there is risk 

if it's < 1 -> it's a protective factor 

if it's = 1 there is no relation between the factor & disease 
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Advantages of cross-sectional study: 

1. Easy, quick, cheap 

2 . suitable for rare diseases 

3. suitable for diseases with long 
latency period 

4. you can check more than one 
exposure "risk factor" at the same 
study 


Disadvantages: 

1. Selection bias 

2. Recall bias -> s jSiili J&. 

in. 

3. Not suitable for rare exposure 


The flow charf of case-control study 


(60) Smokers 


(40) Non smokers 



(20) Smokers 
(80) Non smokers 



Past 


The direction of the study 


Present 


b.2. Cohort study: 

- Prospective 

- Retrospective (=case-control jnsj 0 SJ 9 ) 


Past 


Present 


Future 


classify by 
exposure 


look for 
disease 


Retrospective 

cohort 


classify by 
exposure 


detect/look 
for disease 


Prospective 

cohort 


"I'm not sure 4 
about this data 


ask about exposure 



classify by disease 


case-control 

study 


Prospective Cohort study: 

Selection of individuals on basis of being exposed or non-exposed and follow them for a 
certain period of time to determine whether or not the disease developed. 
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Steps of Cohort study: 

1. Selection of cases: 
a- Selection of exposed: 

If the exposure is: 

Common (smoking - obesity ...) 

you select from general 
population 

- Specific (rare) (uranium ...) 

-> you select from subgroups or 
certain occupations 


2. Obtain data on exposure: 

a. from subjects 

b. medical records 


b- Selection of non-exposed: 

If the exposure is: 

Common the control will be 
from the same population, 

& the comparison between 
exposed & non-exposed = 
internal comparison 

Specific to certain group -> the 
control will be from another 
group of people 
& the comparison between 
exposed & non-exposed = 
external comparison 

e. environmental 
surveys 


c. medical examination 

d. lab investigations 


3. Follow up the 2 Cohort for the whole latency period: 

4. Obtain data on outcome: 

a. death records c. medical examination 

b. medical records d. lab investigations 

5. Analysis and interpretation: 


Exposure 

Disease 

Healthy 

Total 

Yes 

a 

b 

a + b 

No 

c 

d 

c + d 


1 . 

2 . 

3. 


The incidence rate among exposed Ie = + x constant 
The incidence rate among non-exposed Io = ^ + ^ x constant 

_ , . , incidence among exposed 

Relative risk (RR) =-;-: 

- incidence among non-exposed 


>. It measures the strength of association between suspected cause & effect 


4. 


Interpretation: 

if it's > 1 the exposure is a risk 
if it's < 1 -> it's a protective factor 

if it's = 1 -> the exposure is not associated with the disease 


The attributable risk percent (ARP) = 


Ie- Io 


Ie 


x 100 


It indicates to what extent the disease is attributed to exposure 





EPIDEMIOLOGICAL STUDY DESIGNS 


16 



























Retrospective Cohort study: 

Here the investigator will go back years to select the study subject (Exposed Ee) and the 
comparison group (non-exposed Eo). Retrospective study is useful for occupational exposures. 


Advantages of Cohort studies: 

1 . suitable for rare exposures 

2 . can check multiple outcomes of one 
exposure (smoking causes -> lung 
cancer, CHD,...) 

3. can calculate incidence of disease 
among exposed and non-exposed 

4. can estimate relative & attributable 
risk 

5. Dose response ratio can be calculated 

6 . No selection bias 

7. Allows testing hypothesis & Temporal 

consequence between the exposure 
and disease can be proved (no chicken 
egg dilemma) _ 

*Tables P.58 & P.60 -> just for revision 


Disadvantages: 

1. Not suitable for rare diseases 
Prospective type 

2 . loss of staff & funds 

3. change in environmental factors 

4. change in diagnostic methods/criteria 

5. study may alter participant behavior 

6 . loss of participants 

7. ethical problems 

8 . expensive & time consuming 
Retrospective type 

9. records aren't available 

10. Not accurate 


Tlic flow chart of prospective cohort study 


Exposed (E.) 
(Smokers) 
(N=200) 


-*CUD ( N=20) (a) 
'‘•No CHD (N=l80) (b) 


None Exposed (Eo) 
(Non-Smokers) 
(N=200) 


-CHD (N=2) (c) 

*No CHD (N= 198) (d) 


Present 


The direction of the study 


Futu re 


Flow chart of retrospective cohort study 



Past --+P resent 

The direction of the study 
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II- Intervention (experimental) Studies: 

It's a follow up study in which the intervention (exposure) is applied by the investigator 
It's the best epidemiological study to prove causality & effectiveness of a specific 
intervention 



A- Randomized clinical trial (RCT): 

we have 2 groups: 

- experimental group = treatment group -> "who receive the drug or intervention" 

- control group -> “who doesn't receive the drug or intervention" 

1. Therapeutic trial: 

- conducted among patients with a particular disease 

- To determine the ability of the intervention to: 

* reduce symptoms * prevent recurrence 

* decrease the risk of death from the disease 

2. Preventive trial: 

- conducted among free healthy persons 

- To evaluate whether the intervention reduces the risk of developing a disease 

Principles of clinical trials: 

1. Control of variables ^ this study is free of bias 

As the investigator has the control to select experimental group, controls, interventions 
and conditions 

2. Usage of comparison group: 

They are mainly for comparing the effect of the intervention on the experimental 
group in relation to them. 

They receive placebos (blank doses - saline injection - sugar pill). 

3. Randomization: 

* Assigning subjects to the experimental group in a completely random manner 
To avoid the potential bias for the researcher or subjects 

4. Blindness: 

the researcher is unaware of the identities of the experimental groups 
Also the subjects may be unaware if they are receiving treatment or placebo 
If neither researcher nor subjects know who is receiving the treatment this is called 
Double blinded trial. This is to avoid the possible bias 


So the standard gold design for clinical trials "the least prone to bias" is 
4 Randomized double blinded controlled trials. 
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When we analyze data, it is done like Cohort analysis except: 

Instead of calculating attributable risk, we can calculate "Absolute risk reduction" 



Outcome 

+ 

Outcome 

Intervention 

+ 

a 

b 

Intervention 

c 

d 


Absolute risk reduction = 

Risk rate of developing outcome in intervention group 
- Risk rate of developing outcome in control group 

= - (_£_) 

\a + bj \c + dj 


Advantages: 

1. Provide the strongest evidence of 
causality as they: 

a- ensure temporal relationship 
b- control for confounding through 
randomization 

2. The best design to determine the 
effectiveness of a vaccine, drug or 
surgical procedure 

3. The least prone to biases 


Disadvantages: 

1. Expensive & time consuming 

2. Randomization may not be accurate 
when we study risk factors or 
prognostic factors 

3. Ethical issues 

4. Non-compliance 

5. large sample size is needed 


l He tlow chart of randomized clinical trial 


Treatment Group Follow-up 



assignment results 


B- Community trials (CT): 

Unit of the study is community (not individuals) 

Examples: 

applying vaccines 

iron-fortified salts introduced into food 
information campaigns 
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Biostatistics 


Statistics: the science that deals with collection, classification, presentation, description, 
analysis and interpretation of data. 


Descriptive statistics: 
concerned with the 
summary measures of 
data collected from a 
sample of population 


Analytic statistics: 

concerned with the use 
of data collected from a 
sample of population to 
make interference 
about population 


Vital statistics: 

ongoing collection by 
government agencies 
of data relating to 
events such as births, 
deaths, marriage... 


Biostatistics: application of statistical procedure in the field of biology/medicine. 

Uses of biostatistics in medicine: 

1. To evaluate and criticize the researches published in medical journals 

2. To assess diagnostic testing, effect of new drugs and treatment modalities 

3. Epidemiologists need to calculate rates to compare between groups to decide if the 
difference between groups is due to chance 


Data: Basic building blocks of statics. 


Types of data: 


Types of data 



1. Constant data: 

Observations don't vary from person to another, e.g. number of eyes/fingers... 

2. Variable data: 

Observations vary from person to another 

a. Quantitative data: -> something deals with numbers. Between each variable and the 
other there is a constant distance. ‘ yr 1 !* io = CjjIj ^ 165 j ^ 164 JjtJl jjj u jjslt 

j yila 10 = 166 j 165 onj 

1. Continuous: 

Obtained by measurement . Its value could be integer =■ -^"or fractional "^" 
e.g. height - weight - age - Hb - income. 
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2. Discrete: 

Obtained by enumeration . Its value should be integer 
e.g. pulse - family size - number of live births - abortion. 

b. Qualitative data: -> can't be measured or enumerated. Between each variable and the 
other, there is no constant distance. 

cd j' 4 jt 3 j Jx. JjVI ojj jjill it scoring, ranking J' Sp j* 

..I^Sa j ^jUllj JjVI jjiil ts j l dilloltj jJJ (Jjj 


1. Ordinal: 

Can be put in order, 
e.g. degree of success 


How we collect data? 
Methods of collecting data: 
Sources of data: 


2. Nominal: 

Can't be put in order, and may be: 

- Dichotomous 

sex - yes/no variables 

- Multichotomous 

-> blood groups - marital status 


Sources of data 


Records 


data already present, as in: 
population census 
hospital records 
school health records 
text books & journals 

How we present our data? 



collected from everv 
person in the population 
Time & effort consuming 
used only in census 


collected from a sample 
of the population 
commonly used as it 
requires less time & effort 


Numerical 


Methods of 
presentation 



Simple frequency table 
Table of association / contingency table 
Comparing frequency distribution table 
Two way table / Two way classification 


Line graph 
Bar chart 
Histogram 
Frequency polygon 
Pie chart 


Measures of central tendency 


Mathematical 



Measures of dispersion 


Mean 

Median 

Mode 

Range 

Standard deviation 
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Numerical presentation: 
a- Simple: (ungrouped / unclassified data) 

This method is used when dealing with small size (5-7-10 observations) 
e.g. weight of 5 infants - height if 7 children .... 

b- Tabular: (grouped data) 

The most convenient method for summarization of a large mass of data 


1. Simple frequency table: 


The variable 


Qualitative: 

you have to write the categories of the 
variables 

Frequency of observations of each 
category. 


Degree of success 

Number of students 

Excellent 

120 

Very good 

200 

Good 

350 

Fair 

180 

Total 

850 


JLuiJI L5 \c. ,^111 j variable J' GjIj * 


may be: 

Quantitative: 

How to express your variable? 
usually in the form of intervals: 

1- Number of intervals (4- 12) 

2- Width or size of each interval usually 
(5 or 10 or 15) 

3- The first interval begins with the 
smallest observation, (lower limit of 1 st 
interval) 

4- We shouldn't let the table with open end: 

- lower limit of 1 st interval should be 
known 

- upper limit of last interval should be 
known 


5- Notice that: 

* when we use lower number of intervals 
e.g. 4 -> we lose precision 

* when we use higher number of 
intervals e.g. 12 we lose 
summarization 

6 - Each interval has: 

- lower limit 

- upper limit 

- width 

- mid-point 

- number of observations 


We can avoid duplication of limits of intervals through these methods: 

"lilL j U^.1 j (jjiiLk 

* A, C can be used in both 
continuous & discrete data 

* B used only in discrete data 

* D -> used only in continuous data 





BIOSTATISTICS 


22 


A 

B 

C 

D 

10 to less than 15 

10-14 

10 - 

10-14.9 

15 to less than 20 

15-19 

15- 

15-19.9 

20 to less than 25 

20-24 

20 - 

20-24.9 

25 to less than 30 

25-29 

25<30 

25-29.9 

















Examples for sample frequency distribution table: 
For continuous quantitative: 


Hb% 

No. of 

students 

65- 

22 

70- 

15 

75- 

19 

80- 

11 

85- 

17 

90- 

12 

95<100 

4 

Total 

100 


First interval: 

Lower limit = 65 
upper limit = 69.999 ~ 70 
width = U.L. - L.L. = 70 - 65 = 5 


Mid-point : 


UL+LL 70+65 


2 2 
Number of observations = 22 


= 67.5 


For continuous quantitative: 


Family size 

No. of 
patients 

3-4 

28 

5-6 

55 

7-8 

32 

9-10 

18 

11-12 

12 

Total 

145 


Last interval: 
Lower limit = 11 
upper limit = 12 
width = 2 


“ interval gj itemsJ' +*+ Ua 
5 14-10 '—‘-■'4 ji 


Mid-point : 


UL+LL 


11 + 12 


2 2 
Number of observations = 12 


= 11.5 


2. Table of association / contingency table: 

Used to show relation between condition & characteristic (risk factor) 
"Causality table" 

it may be : Two x Two or cxr "more than two" 

3. comparing frequency distribution table: 

When comparing one variable in 2 groups 


4. Two way table or two way classification: 

When we find correlation between 2 variables in < 
* table P.80 


<- -^4 2 variables lS^ ^ jUic. +*^1 

i gj gjllll J JLuill Ls \c. Jl JAC. A*. I J 

tj. ua . U] 14 k jjSij observation ^j 






II- Graphical presentation: 

1. Line graph can be used when the variable is Time (which is a special form of 
continuous quantitative variables) 

2. Bar graph -> used for: 

qualitative variables (ordinal - nominal) 
quantitative variables (discrete) 

3. Histogram -> used for: 

quantitative continuous variables "the table should be of simple 
frequency distribution type" 
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4. Frequency polygon -> used for: 

quantitative continuous variables "the table may be of simple 
frequency distribution type or any other complex tyoes" 


5. Pie chart-> can be used for all types of variables , 

but it isn't the best to present any of them 


Notes: 


We have 2 axes (X & Y) 

always the variable (which in the left column) is presented on the X axis 

1. Line graph: 

We put a point for each exact time value and the corresponding value on the vertical 
axis. 

Then every 2 consecutive points are joined by straight line. 

e.g. - Temperature chart of patients 

- changes in trends of birth and death rates 


2. Barchart: 

Each category of the variable is represented by a bar, its height is corresponding to the 
value on the vertical axis 

In case of complex tables -> we may draw 2 bars for each category of variables 

3. Histogram: 

Each interval is represented by a column, its 2 vertical line represent lower limit and 
upper limit of the interval, and its height equals the value on vertical axis 
There is no spaces between the consecutive columns. 

4. Frequency Polygon: 

Each interval is represented by a point which is " mid point" and the corresponding 
value in the vertical axis. 

Then every 2 consecutive points are joined by a straight line. 

If we have a complex table type , then we will draw 2 lines or more. 

There is no spaces between the consecutive columns. 


5. Pie chart: " A _ A ^iiui us " 

The circle is divided into sectors , the number of sectors is equal to number of 
categories or intervals. 

Each sector has a percent of the circle. 

Each sector has an angle which is calculated from dividing the frequency of this 
category or interval over total frequency then multiply the product to 360 . 

We start from 12 o'clock and go in a clockwise direction. 
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Ill- Mathematical presentation: 

a- Measures of central tendency: 

computed values around which most of the observations are collected. 



Arithmetic mean 

Median 

Mode 

1-Symbols 

X = sample mean 
fj. = population mean 

~ X = median 

Mo (Salah :D) 

2- How to 

In ungrouped data: 

In ungrouped data: 

In ungrouped data: 

calculate 

e.g: 2,3,4,5 

When number of 

The most frequent 



observations is odd: 

observations, e.g: 


X = sum of observations 

its number 

We arrange observations 
in a descending or 
ascending manner, then 

2,2,2,3,4,5 

Mode = 2 


XX 2+3+4+5 14 

get the middle 

In grouped data: 


n 4 4 

= 3,5 

observation. 

the most frequent 
observation: 


In grouped data: 

Rank of middle value= 

In quantitative 


In case of quantitative 

n+1 

continuous data 4 


continuous data: You 

have to calculate 

2 

mid point of the 
interval with 


midpoint of the interval 

(X) 

e.g: 2,3, 6, 8,9 

Third value, ~X=6 

highest frequency. 


_ Z(fX) 

X - P.90 

When number of 

observations is even: 

In quantitative 
discrete or 


IF 

We arrange the values .... 
then the 2 middle values 

are summed and divided 
by 2 . 

Rank of the 2 middle 
values = n , n +1 

2 2 
e.g: 2,3,4,5,6,10 
third and fourth values 
~X = 4+5 =4,5 

2 

qualitative data 4 
the category with 
highest frequency. 
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3- Advantages 

1- takes all observations 

into consideration. 

2- best average to be used 
in statistical analysis. 

1- can be used with 
quantitative and 
qualitative ordinal 
variables. 

2- can be used in open 
ended table. 

3- not affected by extreme 
observation. 

1- can be used with 
all types of 
variables. 

2- can be used in 
open ended table. 

3- Not affected by 
extreme 

observations. 

4. Disadvantages 

1- can't be used with 
qualitative variables. 

2- easily affected by 
extreme observations. 

3- can't be used with open 
ended table. 

1- can't be used with 
qualitative nominal 
variable. 

2- not easy to be used in 
statistical analysis. 

1- It may not be able 
to be get if 
observations have 
equal frequencies. 

2- sometimes we 
may get 2 modes or 
multiple modes. 

3- not easy to be 
used in statistical 
analysis. 


b- Measures of Dispersion: 

They measure how far the observations from the mean. 

1. Range: 

It is difference between the biggest and smallest observations. 

= it is difference between the upper limit of last interval and lower limit of first 
interval. 

Examples: 

30, 34, 32,36 and 28 years - 12, 30,8,62.42 years 

Mean = 32 Mean = 32 

Range = 36-28 = 8 Range = 62-8= 54 


Although the 2 groups have the same mean, but it doesn't express the mean of the 
second group in reality. 


2. Standard of deviation (S),( ax), (z): 

The best commonly used measure of dispersion . 

It is the positive square root of the variance (S 2 ). 

It measures the deviation of observations from the mean, 
measurements of standard of deviation in ungrouped data and grouped 
data "page 96, 97 and 98" . 
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Normal Distribution Curve 
(Gussian distribution curve) 

Characteristics of the curve: 

1- Bell shaped curve. 

2- Has lower and upper tails. 

3- Mean = Median = Mode, all lie in the centre of the curve. 

4- 68% of population lie between +/-1 SD ( standard of deviation) from the mean . 

28% are distributed as : 14% between +/- 1SD and 2 SD from the mean 

- We can say that nearly 95% lies between +/- 2 SD from the mean. 

- 99% lies between +/- 3 SD from the mean. 

- Many human traits are distributed among population in normal way. 

- If we want to calculate the confidence interval 4 which is the area that include 95% or 
99% of population you can calculate it as follows: 

- If you want to know the limits where 95% of population lies on the curve : 

Mean +/-1,96 z ( z is the standard of deviation) 

If you want to know the limits where 99% of population lies on the curve : 

Mean +/- 2,58 z ( z is the standard of deviation) 

Ui! jjjjJ (jSlj CAjLuls. j (_£.} 2.58 j' 1.96 L-<2 t_Ja 

<^$■2 t -Ujoia. UI L-bui a. %99 jl (JjjUII ^ % 95 C5 1iiA ^gill (Jl <jl ijlc- 
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Statistical Analysis 

As we said before there are types of statistics : 

1- Descriptive ^ concerned with summarization and presentation of data. 

2- Analytical ^ concerned with usage of data to make a decision. 

Types of statistical analysis: 

a) Differences: compare one variable (dependent) = Disease or effect. 

NLa ^ ^ (J& j ( C_1 lj.21 j I lj.21 jjjIj jjjliiJ liA 

(jjAjll \gjlc. t_ajL>LlA]l A nalllj 3jjlLa A m.a Ac. ja-sa ^ jajg ll (jjlilJ jl 

b) Associations: compare 2 or more variables ( at least one of them must be 
dependent and others independent within the same group. 

( Clli-lip ) hi j ( Cll.lij.ljl ) (jjj -LllJjl ^ J& L_ijCiij liA 

? S? v J 


Variables 



Disease Effect Cause Risk factor 

Steps of statistical analysis: 

1- Formulate hypothesis: 

Null hypothesis (Ho)^ no significant difference / association. 

In statistical analysis we test mainly the null hypothesis. 

2- Determine the type of statistical type. 

3- Determine the significance. 

How to determine type of statistical test: 

a- Type of dependent variable, distribution of the quantitative one 4 


( normal - abnormal) 



We use parametric tests we use non - parametric tests, 

b- Numbers of groups. 
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Statistical tests of differences 



Qualitative dependent 
variables (presented as N or %) 
Chi square test ( X 2 test) 


Quantitative dependent variables 

( presented as mean and it is normally 
distributed) t - test 



one group population one group (before 
t- test population paired t test 


and after) 2 different groups >2groups 
student's t test f -test 



Level of significance (a): 

It indicates the rejection area in the hypothesis. 

You determine it before starting the study. 

- Usually, it is 5% or 1%. 

1- Degree of freedom : 

In case of one group 4 DF= n-1 

2 groups ^ ni+rn- 2 

table formed of c*r cells ^ (c-l)*(r-l) 

2- Critical Value: 

Computed value depends on the level of significance and degree of freedom. 
We compare the value of the test to the critical value : 

If >= critical value 4 reject the null hypothesis 
If < critical value 4 accept null hypothesis. 

3- P- value ( probability of chance): 

If P. value < 5% 4 we reject the null hypothesis. 

If > = 5% 4 we accept the null hypothesis. 
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? AjI lgj3 JaC. 1 ( -7 J _jL a ' a (_g>J AlLuxa 

Jl ^^g-ll _jA l ~~ Uai Jl Al^l A^L^. JjI 

jJJ (jjJJjJaja Jl L_u£l 




Null hypothesis : there is no statistical significant Alternative hypothesis: there is statistical 

difference between. significant difference between. 


4' critical valueJd (jhU^ 4' (t value)J' LjLLa C ijyjL Cf- U4 3 4' o^J j' 4' 4 j*j j'j 5 4 4' 

. jt 


you need to know about chi square that: 

The expected values should be 5 or more. 

The total number or grand total should be more than 30. 


latest IaIjoo f.lVuaij IjAic. ^^All dlULull ^j£ AjI JjutjA (_>jJ ^aabj li^.1 dlli j^ill j£ 

4 6^ AifLaj J^ 4' jibe. a.£ exception 

AA ”11 summarize it anyway’t worry I’t interested you can skip this part and donTf you aren “ 

1. Level of significance: 

sample from the population k^l !->' 4 <44 j t null hypothesisd' statical test J' 4 L* 

(jiki LuJI <>> Aub j^a jj jjilj l$K populationd' <4 Ua^ 3 ' j4 ls ^ 4 u' 4A* 

null hypothesisd' <44 ls ^ 04' iiijj 

4 Jbadlj Almj Ah*i <jl ljjLiic.1 ^3 Ja^j ** ^ ‘ ■"» Ho (j' l-L)JJC.I ^Lill LS^ • 

4-aaaj^a Ho 5Ll2 Liaic. (jl JjiiA La.1 V t laic, Lg-jlj IgJLa-J A Liil JjkiA (jka3 li a5lla.l 

j4 (level of significance) “•& “4“-* 4^ 

Ho Jl I gjh- J.'hjS' (jba l^JC-Lujj i_a5Lii.l lg-3 J > j 
(jx a3.1aj ( _ s ill LI o'] Jba. J£ JjjLo Aj^lj 

_bb^i A h 'll gpa^jkl La JjS 


- if we set a level of significance (a) = 5 % : that means our hypothesis can be applied on 
95% of population, while 5% can’t apply this hypothesis (reject the hypothesis) 

- Level of significance (a) is mainly 5% or 1 % 
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2. P. Value (probability of chance): 

el£ Jl populationJ' ^ J' J.i*-a i— aMUl (jiuax (jl Mia dilaj ^pdli Ho c'nL»^ LI (^iajb • 

_Mla i - 'Mil <11 i_jM-L 4-C. ^9 

^MJall <c.ja^1 J^»-a]l cjajlJ Llj 4 260 ^Lia meanJ' ls-Lc- normal distribution cl^ j • 

.330.6 meanJ' 

Ac. j-a^-a dic.ll p, ValueJ' *■. i*a^l jjlc LI _J • 
LLti Jlaj Ac-j-a^all cs-“S P. Value 4 j' cs -i*J 4 J^' • 

normal distribution J' populationJ' l> % 

curve 

^ic. Lie. jjjy jm ^jjLaj A_i£La»a Lj.il.lj AS-jLa. 11 1,1a. ala* a dll jl > ua ]| • 

JU. J£ 

.0.01556 yd'ja. (-«.jU' yd jLIaP. Value J' La • 

(%3). 0.03112 J'j- ui^JI yd ^ (%1.5) 
:c> alLk aj'lJI (> 4HjJl LI ^dll (xJlj p. ValueJ' ov uJd* LI ^ La • 
HoJ' yy^s^Aj ftJ' cLc.ll a *al.all ^a di*ij 5L*a Ac.j-aa^all ai£ <— %5 L*'. 1^)3 dii£ LI jl - 

HoJ' Jd* j confidence interval J' yd dL ^ilc Ac. _^JI <— %1 l$H ja dll jl Lai - 



3. Degree of freedom: 

al ~jjaH Li] ^dajj JHa ill iA 

J. >»Al _lj£i ] ?AjI C5 1liA 4 jik^al Vj _j«aa.l (jLa Lg-i_j] ^jj^all ejUj y)l Llfila LI _j] • 

aLLII 1 7 iia.1 jjLlc (jCLj]*-a ^Jc. didu&l LI La • 
AiilLlI ( _Jc. AilLilL IjjiiLiA Ijjjiiil Jjl L>fL_J*-a^' • 

D.F. : number of independent pieces of information on which the parameter estimate is based. 

- DF for one group = n - 1 

- DF for 2 groups = (m - 1) + (m- 1) = m + m- 2 

- DF for (2x2) table = (c - 1) (r - 1) 


4. Value of the test: (t) 

critical value ‘LaLn 41 jlia ail Lay Igia allac j ajj j^L-L ^dll testJ' ^^ a. I gwa^.i LI kaaa l J^ 


5. Critical value: 

DFJ'j ftJ' La* ' ^JS^jx-a CS^" Cddj 4 jAla. Jj-axa JjLa. L>a LgjtllaJj I a n Ajjjoia^a <aa3 (_£.l 

we will reject the Ho »c£a critical valueJ' a? jL-L jl l>> jA I duJL tJI J - 

we will accept the Ho Lgi* Jai cdJL J LL - 

:u l> J^ cs^Ll study J' ^ make a decision ' jJc. j' ^ £>c J£ l> ^llll 

critical value JW Lg-jjLalj t valueJ'Lai L - l 
aJW 4 j jLIj p. ValueJ' j' 
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